In this paper, the linking theorem and the mountain pass theorem are used to show the existence of nontrivial solutions for the p-Kirchhoff equations without assuming Ambrosetti-Rabinowitz type growth conditions, nontrivial solutions are obtained.
Introduction
In this paper, we consider the nonlocal elliptic problem of the p-Kirchhoff type given by
where ⊂ R N is a bounded domain, and p u = div(|∇u| p- ∇u) is the p-Laplacian with  < p < N . Recently, the equation
began to attract the attention of several researchers only after Lion [] had proposed an abstract framework for this problem. Perera and Zhang [] obtained a nontrivial solution of () by using the Yang index and critical group. They revisited () via invariant sets of decent flow and obtained the existence of a positive solution, a negative, and a sign-changing solutions in [] . The study of Kirchhoff-type equations has been extended to the following case involving the p-Laplacian:
for details see [-] . One of the authors has done some related work on this field. Liu [] gave infinite solutions to the following equation via the fountain theorem and the dual fountain theorem: However, to the best of our knowledge, there have been few papers dealing with equation () using the linking theorem and the mountain pass theorem. This paper will make some contribution to this research field.
It is well known (see [] ) that the eigenvalue problem
has the first eigenvalue λ  > , which is simple, and has an associated eigenfunction φ  > . It is also known that λ  is an isolated point of σ (-p ), the spectrum of -p , which contains at least an eigenvalue sequence {λ n } and
When p = , we can takeλ = λ  , the second eigenvalue of -in H   ( ). In this paper, the weak solutions of () are the critical points of the energy functional
In this paper we use the following notation: 
Let ρ > r > , and let z ∈ Z be such that u = r. Define 
If satisfies the (PS) condition with
Then has a critical value c ≥ β >  characterized by
Main results
In this section, we give our main theorem. Near the origin, we make the following assumptions. Suppose that M : R + → R + is a continuous function satisfying the following conditions:
Caratheodory function f satisfies: http://www.boundaryvalueproblems.com/content/2013/1/279
The main results of this paper are the following. 
Proofs of theorems
First, we give several lemmas.
Lemma  []
Under assumptions (m  ) and (F  ), any bounded sequence
* as n → ∞ has a convergent subsequence.
Lemma  Under assumptions (m  ) and (F  ), the functional (u) satisfies the
We claim that {u n } is bounded in W ,p  ( ). For this purpose, we can suppose that u n → ∞. By (F  ), there exists r >  such that
For large n, set n = {x ∈ : |u| > r}, () and () imply that there exists M  >  such that
This is a contradiction. Then {u n } is bounded in W ,p  ( ). By Lemma , we see that {u n } has a convergent subsequence in W ,p
 ( ).
Proof of Theorem  We obtain from assumptions (m  ), (F  ) and (F  ) that for some ε >  small, there exists C  >  such that
Taking u ∈ V , using the inequality |∇u| p dx ≥λ |u| p dx and the Sobolev inequality |u|≤ K u q , we have
Then there exists r >  such that
For every u ∈ M  , if u = v + λz, u ≤ ρ and λ = , then u = v ∈ W . By (F  ), we know that
Since dim W ⊕ Rz < ∞, there exists C  >  such that
By (F  ) and (F  ), there exists ρ >  such that
Therefore, ∀u ∈ W ⊕ Rz, we have
Hence, for ρ = u large enough, we have (u) → -∞. Then there exists ρ > r >  such that
By Lemmas  and , satisfies the (C) condition. Then the conclusion follows from Theorem  and Remark . Authors' contributions CL and JW obtained the results in a joint research. All the authors read and approved the final manuscript.
